methods to allow it to be lifted easily. Heating of heavy oil in an oil well is achieved by circulating hot in a vertical wellbore. The temperature and pressure of produced fluids and hot water in the wellbore that the hot water circulating in the annuli may effectively heat the heavy oil in the tubing, so as to
Introduction
heavy oil in China are above 8 ×10 9 tonnes, which are mainly
The production of heavy oil has increased in recent years oil may easily flow into the bottom hole under reservoir conditions, although it is comparatively viscous. However, a decrease in wellbore temperature and some water coming out of solution from the oil. Therefore, the heavy oil may not oil to the wellbore are used to lower the viscosity of heavy oil to allow the oil to be lifted more easily (Chen et al, 2010) .
viscosity. The circulation loops can be divided into two types, namely open and closed loops. Open hot fluid circulation is also divided into positive and reverse circulation, the hot in the channel consisted of tubing and annulus. Closed hot casing annulus) is studied, and fluid flow in this loop is
Physical model of hot water in a closed loop
A schematic of wellbore structure is shown in Fig. 1 . The hot water is injected into the inner annulus between the inner casing and the oil tubing and returns to the surface through the outer annulus between the inner casing and the outer casing, and the oil is produced from the oil tubing. A conceptual model is built and the assumptions are: remain unchanged.
2) A casing packer is installed between the tubing and the outer casing at some distance above the bottom hole to seal the annuli.
3) The heat transfer from the well to the outer edge of cement is regarded as steady and one dimensional (Ramey, 4) Changes in the formation thermal conductivity in the depth direction are ignored, and the thermal conductivity is taken as a constant.
Based on the above assumptions, the radial heat transfer includes two parts: steady state heat transfer from the oil tubing to the edge of the cement sheath and unsteady-state (transient) heat transfer from the cement to the formation. are investigated. located in the Tahe Oil Field, are listed in Table 1 . The well has a tubing, a double casing and a bottom packer. The double casing was laid down to a depth of 3,500 m, where the formation temperature was 112 °C. The pressure change per unit length is expressed as follows:
Therefore, we can obtain the pressure distribution in the inner and outer annuli. Fig. 2 shows the fluid pressure injection pressure of circulating water is 5 MPa and the back pressure is 3.68 MPa.
annulus is about 3 MPa, which exceeds the minimum pressure adequate lifting force, reducing the injection pressure may the inlet pressure of the inner casing can be decreased to a normally. 
Wellbore temperature distribution
The temperature distribution down the wellbore is shown in Fig. 3 . This indicates that the lowest temperature of oil in the wellbore is about 60 °C, and oil still can flow in the tubing. This is because wax precipitation does not occur at 60 °C (Ren et al, 2001 ). We can take some measures to increase An approximately exponential relationship between oil viscosity and temperature is indicated (Brown, 1987; Feng and Guo, 2006) , and the temperature is the main factor affecting viscosity. Therefore, analysis of temperature distribution in the wellbore is important for understanding Prats, 2002) .
Calculated results in Fig. 3 show temperature profiles of hot water and crude oil in the wellbore. The initial oil temperature at the wellbore bottom is relatively high, and the oil temperature decreases when it is lifted from the bottom because the heat is transferred from the oil to the circulating water in the deep section of the inner annulus. There is a critical depth at which the oil temperature reaches a minimum, above which heat is transferred from the hot water to the oil and then the oil temperature rises. On the other hand, the temperature of the hot water declines rapidly from the wellhead until the water temperature is equal to the oil temperature, then slowly due to heat transfer from hightemperature oil in the tubing.
temperature is equal to the oil temperature is much higher than the wax appearance point, we can set the double casing to a location at or slightly below the depth (not to the bottom of the wellbore) or reduce the inlet temperature of the hot water to reduce material costs and energy consumption. circulating in annuli on the oil temperature. The minimum oil maximum viscosity of the oil reduces. The water injection pressure at the wellhead has to be increased for an increased is limited, and high pressures will increase costs, so the ideal flow rate of the hot water should be determined according to the rated pressure of the pump and the desired minimum temperature of the oil in the wellbore.
The effect of water temperature on oil temperature
The effect of the temperature of the circulating hot water on the oil temperature is investigated. Fig. 5 shows that the hot water temperature has a significant effect on the oil temperature. The hot water temperature and the setting depth 284 °C. However, the injection of high-temperature water may place a heavy burden on the boiler and a lot of heat loss. The impact of hot water temperature on oil temperature decreases gradually with increasing well depth. Therefore, the maximum temperature of hot water should be lower than the rated temperature of the hot water boiler, and the ideal temperature of hot water will save energy. Well depth, m
The effect of crude oil production rate on oil temperature
A change of oil production rate alters the heat transfer between oil and water. As well, a high-power lift pump is required to increase the production rate, which is likely to lead to higher energy consumption. The oil temperature shown in Fig. 6 .
The influence of the oil production rate on the oil temperature is not as apparent as that of injection temperature of the hot water. The flow characteristics of the heavy oil become complex and the energy consumption of the pumping unit increases rapidly as the oil production rate increases.
Conclusions
1) Because of the transfer of heat from the circulating hot water and insulation of the casing annulus, the heavy oil This indicates that hot water circulating in a closed double casing will effectively reduce the viscosity of heavy oil and hole. This technology is already used to reduce heavy oil viscosity in ultra-deep wells.
2) The injection temperature of the hot water is the most important factor affecting the temperature of the crude production costs, we can use the model proposed in this paper
